ABSTRACT: Eight ruminally fistulated steers (352 f 27 kg BW) were used in a replicated 4 x 4 Latin square design. Treatments were 1) 70% rolled barley + 30% timothy hay ( H C , 2 1 HC + folic acid ( 2 mgkg BW; HC + F ) , 3 ) 30% rolled barley + 70% timothy hay ( H F ) , and 4) HF + F. Total tract apparent digestibility of DM and CP were greater ( P 5 .05) in steers fed the HC diet, whereas that of ADF and NDF was greater ( P < .001) in steers fed the HF diet. Supplemental dietary folic acid had no effect on either of the forementioned variables, regardless of whether the animal received the HC or the HF diet. To compare ruminal DM disappearance, nylon bags containing either hay or barley were incubated in the rumen of each steer for 4, 8, 12, 24, and 48 h. Ruminal DM disappearance of hay and barley was affected ( P < .05) by the type of diet fed but not by the addition of folic acid to either diet. Ruminal fluid was sampled on three consecutive days, at the following postprandial hours: 1, 2, 4, 8, 12, and 23. Differences in ruminal pH and individual VFA among treatments were attributable to the type of diet fed. Changes in ruminal VFA concentrations at various times after feeding were altered with folic acid addition; however, these modifications were not sufficient to affect in a significant way either ruminal or total tract digestibility.
Introduction
It is generally assumed that ruminal microorganisms provide their hosts with sufficient B-vitamins to meet their requirements. Recent studies, however, have reported improvements in growth when folic acid was administered by intramuscular injections to heifers of 2 to 18 wk of age (Dumoulin et al., 1991) . Another study by Girard et al. 1992 has shown that the addition of folic acid to the diet of ruminants increases serum folate concentration, implying that not all supplemental folic acid is catabolized in the rumen and some of it escapes the rumen to be absorbed in the lower digestive tract. Bouiller-Oudot et al. (19881, using the rumen simulation technique, reported that the addition of folic acid to mixed bacterial cultures resulted in increased digestibility of straw. These results question the adequacy of the J . Anim. Sci. 1993 Sci. . 712793-2798 production of B-vitamins by ruminal microorganisms for ruminants with high production levels.
Although folic acid is an essential cofactor in the metabolism of certain bacteria (Hungate, 1966) , there are no data detailing the effects of supplementing diets of ruminants with folic acid on ruminal fermentation products, as is proposed in this study. The present work also proposes to determine whether the improvement in digestibility observed in vitro exists under in vivo conditions when the animals receive either a high-concentrate or a high-forage diet.
Materials and Methods

Animals and Data Collection. Eight steers (352 f
27 kg beginning BW) fitted with a ruminal cannula and kept individually in stalls equipped for total feces collection were used in this study. The steers used were mainly crosses of Hereford with Simmental, Charolais, or Blonde d'Aquitaine. The following diets were fed in a replicated 4 x 4 Latin square design: 1) 70% rolled barley + 30% timothy hay (HC); 2 ) HC + folic acid ( 2 mgkg BW; HC + F); 3 ) 30% rolled barley + 70% timothy hay ( HF) ; 4 1 HF + F. Compositions of the diets are shown in Table 1 . Diets were formulated to supply equal amounts of CP, whereas NE, supplied by HC and HF were 2.58 and 4.08 Mcal/kg DM, respectively. Animals were given free access to water. Feed was offered daily at 0800 along with a mineray vitamin supplement (Table 1 ) . Folic acid was mixed with 10 g of ground concentrate and was offered daily as a powder top-dressed over the barley. The quantity offolic acid to be served to each animal was adjusted monthly according to weights of the animals.
Animals were weighed between each period of the Latin square consisting of 4 wk of adaptation to the diet, 6 d of feces collection, 3 d of ruminal fluid sampling, and finally 2 d of nylon bag incubation. During the adaptation period, steers were gradually adjusted to the experimental diets. Ruminal Fermentation. For VFA and pH determinations, ruminal fluid samples (250 mL) were strained through two layers of cheesecloth to remove large particles. Ruminal fluid pH was measured within 5 min of collection. For VFA analysis, 1.5 mL of .5 N HzS04 was added to 7.5 mL of strained ruminal fluid (SRF) and kept frozen until it was ready for analysis. Strained ruminal fluid was filtered through a 45-pm syringe filter. Subsamples (1 pL) were analyzed using a Varian model 3400 gas chromatograph with GP 15% SP-1220/1% H3P04 on 100/200 Chromasorb B W AW column packing (Chromatographic Specialties, Brockville, ON). Temperatures of injector and detector were 180 and 200°C, respectively. Isovaleric acid (48 mM) was used as a n internal standard.
In Sacco Procedure. Ruminal DM disappearance was determined using nylon bags (Swiss Fyntex Polyester 300 mesh, B & SH Thompson Co., Ville Mont-Royal, PQ) measuring 7.5 cm x 16 cm with a 48-pm pore size. Ten bags, each containing 4.0 g of timothy hay (cut at 2.54 cm of length), and 10 bags containing 9.3 g of rolled barley (as-fed) were introduced into the rumen of the steers receiving the HC diet. Bags were attached to a 590-g weight and placed in the ventral part of the rumen. Two bags of hay and two bags of barley were withdrawn after the following incubation times (hours): 4, 8, 12, 24, and 48. Quantities of hay and barley within nylon bags were reversed for the steers that received the H F diet to keep the same proportion of hay and barley as that provided by each diet. After each incubation time, two bags of hay and two bags of barley were removed from the rumen of each steer. Upon removal from the rumen, tap water was immediately run through each bag until the water ran clear. Zero-time disappearance values were obtained by washing unincubated bags in a similar fashion. The percentage of barley and hay DM that could be removed from the bags simply by the washing process was 1.66 and 6.24, respectively. All washed bags and contents were then oven-dried at 60°C for 48 h. Percentage of DM disappearance from a bag was calculated a s initial feed DM weight minus residual DM weight divided by the initial DM weight. Average percentage of DM disappearance of the two nylon bags withdrawn aft,er each incubation time was used for statistical analysis. Data were fitted to the equation of 0rskov and McDonald (1979) ; P = a + b
(1 -ckt), where P is disappearance rate a t time t, a is an intercept representing the portion of DM rapidly solubilized, b is the fraction of DM potentially degradable, k is the rate constant of disappearance of fraction b, and t is incubation time. Nonlinear parameters a, b, and k were estimated by a n iterative least-squares procedure (SAS, 1985) to calculate effective degradability of DM according to the equation of 0rskov and McDonald (1979) : effective degrad-
, where r is the estimated rate of outflow from the rumen. Hypothetical ruminal outflow rates of .04 and .06h were used for estimation of effective degradability of hay and barley, respectively. To estimate hay degradability, one steer was eliminated a t Period 2 because of an outlier profile that gave a wrong estimation of parameter b.
Statistical Analysis. In vivo digestibility data as well as parameters a, b, and k and effective degradability were analyzed as a replicated Latin square design accounting for residual effects of the treatments (Cochran and Cox, 1957 ). The following model QTil + Eijklm, where Yijklm represents an observation on the jth steer, S, ( j = 1 to 8 ) nested in the ith square, Q, ( i = 1 to 2 ) a t the kth period, P, (k = 1 to 4 ) during which the lth treatment, T, (1 = 1 to 4 ) was administered and the mth residual effect, R, ( m = 1 to 4 ) was due to preceding treatment. The overall mean is expressed as p, the interaction between square and period is expressed as Q P i k , and the interaction between square and treatment is expressed as QTil. The residual error is Eijklm. Orthogonal comparisons were used to test the effects of level of concentrate, folic acid addition, and the interaction between the two.
Ruminal fermentation data were also analyzed as a replicated Latin square accounting for residual effects and repeated measurements in time (Rowell and Walters, 1976) . The profile in time was decomposed to determine the difference between each time segment and the following one. These differences were analyzed according to the statistical model described above. Areas under the VFA concentration curves were also analyzed according to the same model. Nonsignificant differences were assumed for P > .05.
was used: Yijklm = + Qi + s( i) j + P k + T1 + & + Q P i k +
Results
The addition of folic acid had no effect on total tract apparent digestibility of DM, ADF, NDF, and CP (Table 2) . Total tract apparent digestibility of DM high-concentrate without folic acid addition ( 0 ) ; high-forage supplemented with folic acid (m); high-forage without folic acid addition lo).
The SEM for pH, acetate, and propionate at each time ranged from .1 to . l , 1.0 to 2.9, and .6 to 2.0 mM, respectively. and CP was greater ( P 2 .05), whereas that of ADF and NDF was lower ( P < .001), in steers fed the HC than in steers fed the HF diet.
When considered over both diets and all sampling times, folic acid effects on ruminal pH were nonsignificant ( P = .8) (Figure l a ) . However, between 4 and 8 h after feeding, the addition of folic acid to the HC diet tended ( P = .08) to decrease ruminal pH. Postprandial ruminal pH declined after feeding with both diets. The fall was greater ( P < ,011 with HC than with HF diets. The difference in pH between the two diets began to be significant a t the 2-h sampling, was maximized at the 8-h sampling, decreased by the 12-h sampling, and by 23 h after feeding, ruminal pH from animals fed either HC or HF diets was similar ( P = .8) and back to baseline values. Areas under the concentration curves were 1,062 and 939 mM (SEM = 22) in animals receiving HF and HC diets, respectively, with no effect due to folic acid addition. The peak in ruminal acetate concentration was reached 8 h after initiation of feeding in both diets.
Folic acid addition increased ( P I .05) the change in ruminal propionate concentration between 2 and 4 h after feeding ( Figure IC) . The interaction between folic acid and diet in this time interval was not significant ( P = .16). When considering the overall concentration curve, neither the effect of folic acid 
Hours
Figure 2. Changes with time after feeding of ruminal acetate:propionate ratio (a) and ruminal butyrate concentration (b). Diets fed were the following: highconcentrate supplemented with folic acid (*); highconcentrate without folic acid addition ( 0 ) ; high-forage supplemented with folic acid (m); high-forage without folic acid addition ( 0 ) . The SEM for acetate:propionate and butyrate at each time ranged from .2 to .3 and .3 to 1.1 mM, respectively. addition ( P = . 7 ) nor the folic acid x diet interaction ( P = .4) was significant. Ruminal propionate concentration also peaked 8 h after feeding and decreased thereafter. In contrast to acetate, the propionate concentration was greater ( P < .001) in animals receiving the HC than in those given the H F diet. Areas under the concentration curves were 353 and 245 mM (SEM = 1 6 ) in animals receiving HC and HF diets, respectively. Figure 2a shows acetate-propionate ratios with time after feeding. Although not significant ( P = .3), the acetate:propionate ratio was numerically greater at all sampling times in animals supplemented with folic acid, regardless of the diet fed. The acetate:propionate ratio tended ( P = .07) to decrease faster during the 1st h after feeding in the animals fed HC supplemented with folic acid. The HF diet gave a greater ( P < .001) acetate:propionate ratio, with values in the range of 2.8 to 3.2, compared with 4.2 to 4.9 for the HC and H F diets, respectively. With both diets, acetate: propionate ratio decreased with time after feeding up to 12 h. This decrease was of greater magnitude ( P < .01) between 8 and 12 h after feeding of the HC diet than after feeding of the HF diet.
Postprandial ruminal butyrate concentrations are shown in Figure 2b . Similarly to acetate, differences in ruminal butyrate between treatments were attributable to the type of diet fed, not to the addition of folic acid. Overall, a higher ( P < .01) ruminal butyrate concentration was found in the animals fed the HC diet than in those fed the HF diet. Areas under the concentration curves were 166 and 132 mM (SEM = 6 in animals receiving HC and H F diets, respectively. Ruminal concentration of butyrate peaked a t 8 h after feeding. Table 3 shows the in situ disappearance of forage and barley DM. Effects of diets only are presented because the addition of folic acid to either one of the diets had no significant effect. The fractions of timothy hay and barley DM rapidly solubilized in the rumen were greater ( P < .001) in the animals fed HC.
However, effective degradabilities of forage and barley DM were greater ( P < .001 and P < .05, respectively) in animals fed HF. The rates of forage and barley DM disappearance with time were not affected by the diet fed to the animals. Potentially degradable barley DM was greater ( P < .001) in animal fed HF, whereas the fraction of timothy hay DM potentially degradable was not affected by the diet.
Discussion
With a high-grain diet, DM apparent digestibility was greater due to the high proportion of readily fermentable starch that constitutes the major part of this diet. This observation concurs with previous findings (Zinn, 1986; Leventini et al., 1990) . Conversely, fiber content of the HC diet was not digested to the same extent as that in the H F diet. Again, other authors (Bines and Davey, 1970; Lamb and Eadie, 1979) have reported similar decreased ADF and NDF digestion with high levels of concentrate. This can be explained by competition between cellulolytic and amylolytic groups of bacteria for nutrients, or by a decrease in ruminal pH that alters the microbial population.
Crude protein content was similar in the two diets; however, CP digestibility was affected by the concentrate:forage ratio. This is contrary to the findings of Packay et al. (19721, who reported that the most important factor affecting N digestibility was N content of the diet. It is possible that the greater CP digestibility of the HC diet arose from differences in protein structure and degradability inherent to the concentrate and forage sources used in this study.
As opposed to the type of diet fed, which clearly affected the digestibility of all nutrients, folic acid addition to either diet had no effect. In the present experiment, the concentration of folic acid was approximately four times greater than the one given to the steers in the study of Zinn et al. (1987) . These authors had not observed any effect of folic acid supplementation on digestibility.
In the present study, results of barley and forage ruminal DM degradation, using in sacco methods, support the observations found with total tract digestibility. The greater degradation of barley DM in the rumen of the HF-fed animal could be due to the fact that most cellulolytic bacteria can utilize other carbohydrate sources for growth (Murphy, 1989) . Moreover, cellulolytic organisms preferentially utilize readily fermentable carbohydrates instead of structural carbohydrates when in the presence of both (Mould et al., 1983) . The greater solubility of forage and barley DM associated with the HC diet could be explained by a better immersion of the nylon bag material within the liquid phase of the rumen.
Similarly to total tract and ruminal digestibility, ruminal fermentation was affected by the type of diet fed. The pH range of 6.1 to 6.6 and 5.4 to 6.7 observed when the animals were fed the HF and HC diet, respectively, were well within the normal range (Leedle et al., 1982) . The greater acetate concentration in the rumen of steers fed the HF diet is characteristic of a cellulolytic type of fermentation. Conversely, amylolytic microorganisms, more active in the high barley diet, give rise to higher propionate and butyrate concentrations (Thomas and Rook, 1981) . The changes with time after feeding of individual VFA and of the acetate:propionate ratio agree with the results of Yang and Varga (1989) .
In contrast to total tract and ruminal digestibility, fermentation was affected, to a certain extent, by the addition of folic acid to the diet. To our knowledge, the only data on the effect of folic acid on ruminal fermentation are those of Hayes et al. (19661, in which folic acid was negatively correlated with pH in steers fed all-concentrate diets. This result was attributed to an increased microbial activity. Although we observed a numerical decrease in ruminal pH for the HC-fed animals supplemented with folic acid, it did not reach significance.
When a B-vitamin mixture containing .2% folic acid was added to the diet of sheep at .03%~, Clifford et al. ( 1967) reported that B-vitamin supplementation had no effect on acetic, propionic, or butyric acid concentrations.
Implications
In the present study, no benefit was shown from adding folic acid to the diet of growing steers. However, ruminal fermentation was altered and the effect on ruminal microbial growth and composition as well as on the efficiency of energy metabolism in the rumen and(or) animal should be investigated. The possible metabolic role of bypass folic acid should not be excluded because it was recently shown that a portion of supplemental folic acid does bypass the rumen and is absorbed in the duodenum.
Literature Cited
